JOHN SUTTON was a geologist who made an important contribution to the understanding of the Precambrian rocks of north-west Scotland, and his methods have been applied by others in many parts of the world. His entire career was spent at Imperial College, where he was associated with the growth of the Geology Department from small beginnings to a world centre, and he took part in many of the science policy debates of the seventies and eighties. He was appointed a Vice-President of the Royal Society in 1975, and in that office he was instrumental in establishing the first contacts between the West and the scientific community in China.
E arly life
Bedford Park in West London was laid out as the first garden city by the architect Norman Shaw, and it was here that John Sutton was bom on 8 July 1919. His father was John Gerald Sutton, an engineer, patent holder and inventor in the Victorian tradition, who is credited with the design of such useful aids to civilized life as the gas water-heater and the motor lawn-mower. During World War II he was a member of the team of engineers assembled by Churchill and put to work with a general brief to invent unusual warlike devices, and he maintained an engineering consultancy in Queen Anne's Gate for some years after the war. The Suttons were descended from the early 19th-century founder of the firm of Sutton Seeds, whose nurseries were for many years a landmark to railway travellers approaching Reading station.
Sutton's mother was Kathleen Richard, who was bom in Burma and whose father, Henry Richard, was a railway engineer and bridge-builder in the Burmese government service. The family retired to Ealing, and it was there, in accordance with the best social conventions of the time, that she met her future husband at the tennis club. Kathleen Richard was one of the first women to qualify for a classics degree at Oxford, but as women could not then be given Oxford degrees she had to wait for some years before she was able to graduate. She was a school-teacher who taught the classics in girls' schools, and she was awarded the M.B.E. in 1919 for wartime committee service.
The young Sutton was enrolled at Gunnersbury preparatory school, where he benefited from being taught in small classes, and he moved as a boarder to the King's School, Worcester, where he enjoyed good school days and took part in a broad range of activities. He sang in the choir, served in the Officer Training Corps and acted in school dramas. One of these was T.S. Eliot's Murder in the C a t h e d r a , aptly stag and at the Malvern Festival he was a page in Bernard Shaw's Saint Joan, with a youthful Wendy Hiller in the title role.
Throughout his life Sutton kept all his papers, and his school reports are a monotonous recital of 'satisfactory performance' and 'good progress.' Only once did a master break ranks to describe him as 'frivolous,' a term which would always cause amusement when recalled in later life. There was actually some germ of logic in this description, for Sutton often wore an amused smile, as if concentrating on some happy inner thought -it can be seen in the photograph which precedes this memoir.
Sutton went up to Imperial College in autumn 1937 to take general science, and in the exigencies of war he graduated in 1941 with an abbreviated form of honours degree in geology, which was validated on his return to the Department in 1946. His war was not exciting -he served in the Royal Army Ordnance Corps, and later R.E.M.E., at radar installations in East Anglia, Yorkshire and the Orkney Islands. His papers show that his 2nd Lieutenant's pay was 11/-per day, with a demobilization gratuity of 200/-.
T h e L e w is ia n r o c k s o f n o r th -w e s t S c o t l a n d
The foundation on which John Sutton's professional reputation is based is his work on the Lewisian Gneiss of north-west Scotland, which was undertaken as his postgraduate research project during 1946-49 at the suggestion of his Department head, Professor H.H. Read, F.R.S. The work was done in conjunction with his fellow student, later Professor Janet Watson, F.R.S., and they married at that time. Sutton and Watson formed a brilliant team, their strength being in their difference, not in their similarity. Sutton was the extrovert, the broad thinker, the ideas man. Janet Watson was the careful fieldworker, the painstaking recorder of detail, and it was she who wrote the greater part of their joint papers, in which every sentence is carefully weighed and composed. This was a formidable combination.
The earliest Precambrian rocks, of which the Lewisian of Scotland are a British example, were recognized as a difficult area. In all later geological series, from the Cambrian to the present, relationships can be established in part by fossils and in part by sedimentary sequences. In the Lewisian there are no fossils, and sedimentary relations are seldom seen. The rocks are mainly gneisses, altered from their original states by the processes of metamorphism.
The contribution of Sutton and Watson (1951) was to show that relationships in the Precambrian are to be established in terms of metamorphic events, not stratigraphic sequences. They drew attention to a widespread group of basic dykes, and they identified an older metamorphic episode which pre-dates the dykes (the Scourian) and a younger episode which is later than the dykes and which alters them (the Laxfordian). The significance of this discovery was that it provided a new way of looking at Precambrian complexes, and a new Figure 1 . On the east coast of Greenland, basic dykes about 2,000 million years old are seen cutting 2,600 million year old gneisses. These rocks are regarded as the direct continuation of the basic dykes and Scourie gneisses of north-west Scotland, described by Sutton and Watson. Photograph by courtesy of the Geological Survey of Greenland.
technique for deciphering their geology. Major areas of Precambrian basement occur in Canada, Greenland, Scandinavia, Africa and Australia, and an impulse was given to work in these terrains which has not yet run its course. Although the relative ages of Scourian and Laxfordian were convincingly shown, their absolute ages remained uncertain. It was only known at that time that the base of the Cambrian is 550 million years old, but Sutton and Watson's work was dramatically highlighted a few years later when Giletti, Moorbath and Lambert published the results of radiometric age determinations in the Lewisian (1)*. In this technique, the time elapsed since the last recrystallization of a radioactive mineral is calculated by measuring the disintegration products which have been produced by radioactive decay. The Scourian metamorphism was shown to be about 2,600 million years old, and the Laxfordian about 1,700 million years. So the time interval between the two Precambrian episodes, and the interval from the Laxfordian to the base of the Cambrian, are both greater than the whole of post-Cambrian geological time. It is believed that the age of the earth is about 4,500 million years, but no rocks have been found older than about 3,800 million years. Later in his career, Sutton offered a case of champagne to the first geologist who would demonstrate rocks over 4,000 million years old, but the prize has not so far been claimed.
Numbers in this form refer to entries in the references list at the end of the text. L e w is ia n in l ie r s e a s t o f t h e M o in e T h r u s t Sutton and Watson did not themselves continue working on the Lewisian rocks of the foreland, but they transferred their attention to rocks of Lewisian type east of the Moine Thrust, the so-called Lewisian inliers. Here the path of progress was not quite so smooth. In a series of papers during the fifties, they produced convincing argument that these rocks were not Lewisian, but Moine. They were hornblende-rich members of the Moine succession. This view was not limited to Sutton and Watson themselves, but was expanded by a number of their research students who worked in a northern area from Fannich as far south as Kintail. Sutton did not expect his name to be included as joint author in his students' publications, and the references are best sought in the Moinian chapter of The Geology o f Scotland (2) .
A milestone was reached when the late W.Q.Kennedy, F.R.S. read his paper on Morar to the Geological Society in April 1953. Morar is in a southern area which extends from Kintail south to Arisaig. Kennedy was a studious and methodical geologist and he spoke with the authority of 20 years in the area -he had mapped in Morar for the Geological Survey before the war. He carefully presented good evidence that the Lewisian inliers at Morar are indeed Lewisian, and his paper is a closely argued first hypothesis to explain their relationships (3). In the discussion that followed, Sutton depreciated Kennedy's conclusions, with an overassertive recital of his own contrary views. To make matters worse, he was followed in the discussion by several of his own students, who were perhaps too anxious to adhere to their supervisor's coat tails. The resulting five or six disparaging contributions, when published, gave a false impression that the entire geological world was opposed to Kennedy's ideas.
This adverse reception made a profound and negative impression on the sensitive personality of Kennedy. It was said that he was deeply shocked by the experience, and he never again appeared at the Geological Society. He transferred his interest to Africa, and at the invitation of Sir Ernest Oppenheimer of the Anglo American Corporation he established the Research Institute of African Geology at Leeds University.
Meanwhile, Professor John Ramsay, F.R.S., then a post-doctoral researcher at Imperial College, took up the mapping of Glenelg, another part of the southern area where rocks of Lewisian type are widespread east of the Moine Thrust. He was able to establish that these rocks are indeed Lewisian, and that the Moine-Lewisian boundary can be examined at leisure (4) . There is a basal conglomerate, and a marked difference in the metamorphic states of the two series. The result of this unforeseen contingency was that Sutton, after proper reflection, made a complete volte-face. He accepted not only that Ramsay's findings applied to the southern area, including Morar, but that all the inliers in the northern area must now be seen as Lewisian.
It must in fairness be admitted that a gracious apology to Kennedy would have been appropriate at this time, but it was not forthcoming. Sutton seemed to regard this fundamental about-turn as a natural development in scientific progress of no special significance, and the only retraction was a small footnote in his central Ross-shire paper (1962) . Some years later, Sutton wrote the biographical memoir of W.Q. Kennedy for the Royal Society (1980) , and on page 287 he says 'when he presented his final Morar paper at the Geological Society in 1953, a number of speakers including the writer of this memoir were critical. Time has shown that the critics were wrong, and that on all essential points Kennedy was right.' But what shall it profit a man if his due apology is only presented in his biographical memoir, after he has already entered the Kingdom of Heaven?
These events have some parallel with the geographical controversy 100 years earlier, when John Speke, in the presence of Sir Roderick Murchison, presented his discovery of the source of the Nile to the Royal Geographical Society. His view was bitterly contested by the influential Sir Richard Burton, but it was later shown to be correct. Sutton found Imperial College built of brick, but he left it clothed in marble. When he first entered the Department there were less than 50 students in total, but in 1953 the College was identified as the spearhead of a drive to provide more university-trained scientists and engineers, and plans were made to double its size. This expansion was accomplished by the Jubilee Scheme, which ran from 1957 to 1970 and which was named for the fiftieth anniversary of the College charter of 1907. The College's part of the South Kensington precinct expanded from 9 to 25 acres with the building of new departments and the demolition of the old City and Guilds building. Fortunately the handsome Royal School of Mines survived, and the expansion of the Geology Department was achieved by some new extensions to the rear, and much internal rebuilding and re-arrangement. A second impulse of expansion was given by the Robbins Report, which was published in 1963 and which recommended another substantial increase in student numbers. Last year, 143 students graduated from the Department, attaining 35 B.Sc., 88 M.Sc. and 20 Ph.D. degrees.
Sutton's personal school of research students expanded rapidly as his reputation grew during the fifties, and at the end of that decade there were about a dozen postgraduates working on Moine and Lewisian geology. At about that time certain outside observers coined the expression 'Moine machine' to describe the Department. This was meant to be somewhat derisory, and it implied that the researchers were but cogs in the machine, producing a monotonous uniformity of output. It was said that they had to conform to certain styles of map-making, and that they must all echo the received wisdom of their leader.
These criticisms misfired, and the quiet confidence of the postgraduates was proof against the innuendo. They happily accepted the concept of the Moine machine as a forward-looking and productive research school at the cutting edge of Moine and Lewisian geology. There is, of course, a serious question which underlies this repartee. Is scientific research best done by a team, with members drawing support and inspiration from each other, and benefiting from the discipline of a team framework? Or is the true scientist still the gifted individual following his own intellectual path, free from any outside constraint to his thought processes?
T h e sa g a o f th e K im b e r l it e b l o c k No commentary on the Geology Department during the sixties would be complete without reference to the Kimberlite block. A South African mining house had generously presented the Department with a fine, large specimen of this rare rock type at some time in the 1920s. It was a one yard cube of dense black rock, polished on all six sides, and it was from the type locality, having been extracted from a great depth in the Kimberley diamond mine. With a weight of some three tons, it was the sort of gift which poses problems for the recipient, but it had stood for as long as anyone could remember in an east wing corridor. During the internal rebuilding operations referred to above, Sutton decided that the block must go, and perhaps without fully thinking the question through he instructed a technician to dispose of it. Baffled, the technician made a start with club hammer and chisel, attempting to break the object down into smaller pieces. Two students who passed by were amazed to see this sight. After some quick thinking, they offered to relieve the technician of his task by buying the cube from him, and they undertook to complete its removal. With commendable enterprise, their first step was to refinance their investment by selling a small piece to a prominent London mineral dealer. The Kimberley diamond mines were by this time worked out, and the mine shafts are now flooded up to ground level, which means that no further specimens of Kimberlite will ever again be extracted from the type locality. The mineral dealer contacted the Department to enquire if he could buy some more, and the whole imbroglio was uncovered. Sutton was extremely angry, and this might have been one of the occasions which gave rise to the analogy by which working with him has been likened to living on the flanks of a volcano, long benign, which might suddenly erupt with devastating effect. The technician was severely censured, and was said to have emerged shaking from the interview. The two students were similarly disciplined, and their academic prospects were generally held to be much reduced. A chastened party of pall-bearers collected the remains of the Kimberlite block and transferred them to a remote comer of the College basement, where it is said that they remain to this day. C o m m it t e e s, a d m in istr a tio n a n d sc ie n c e po lic y When John Sutton became head of Department, and a year later Dean of the Faculty, his load of administrative work inevitably increased. His function shifted from doing geological fieldwork himself to encouraging others. All the students, associates and fellow geologists who ever came into contact with him speak of the support and encouragement he gave them, and the interest which he took in their work. It was as an elder statesman of the world of geology that his role now evolved, and he was elected a Fellow of the Royal Society in 1966. From 1966 to 1968 he was President of the Geologists' Association. The G.A. was founded in 1858, and it exists to encourage the interest in geology of both professionals and amateurs. The enthusiasm of the amateur geologist for his subject is great, and there is a happy partnership in the Association's many activities. Sutton was always a hard working member, giving freely of his knowledge, and in common with other distinguished professionals he saw the G.A. as an opportunity to put something back into the community. His service was recognized in 1975 with the award of honorary membership, a privilege only granted to 20 recipients in 100 years.
Sutton enjoyed a connection with the University of Zimbabwe from the early post-war years, and he served as external examiner during the important period of growth of the University College of Rhodesia and Nyasaland (a college of London University) through the University of Rhodesia (1970) to the University of Zimbabwe (1980) . This contribution was recognized by his appointment to the Council of the University from 1976 to 1983. Before this, he took the chair at Granite 71, Zimbabwe's first international g T h e R oyal C o m m issio n fo r t h e E x h ib it io n o f 1851
The Great Exhibition of 1851 was sponsored by Prince Albert and the Royal Society of Arts, and the aim of this 'Exhibition of the Works of Industry of all Nations' was to boost British industry by laying before it the best examples of foreign invention, and by showing the best British products to overseas buyers. The plan was not without opponents, and one M.P. said that 'England would be overrun with foreign rogues and revolutionists, who would subvert the morals of the people, filch their trade secrets from them, and destroy their faith and loyalty towards their religion and their Sovereign.' This view should be seen in the context that 1848 had been the year of revolutions in Europe.
The exhibition was in fact an immediate success from its opening day on 1 May 1851, and it was thronged with a busy crowd throughout the summer. When it closed, the commissioners found themselves with a surplus, which was used to acquire the South Kensington precinct and to endow scholarships for British students to study abroad and for Commonwealth students to visit this country. The Royal Commission for the Exhibition of 1851 at various times gave land for the Royal Albert Hall, the constituent schools of Imperial College and the great Museums of Natural History, Science and Geology.
John Sutton gave a long period of service to the Science Scholarships Committee of the Commission, from 1964 to 1985. A measure of the Committee's success is the fact that in the last 100 years, during which some 1350 Great Exhibition scholars have been supported, about 135 later became Fellows of the Royal Society, and three were Presidents -Lord Rutherford, Sir Robert Robinson and Lord Todd. The British Museum (Natural History) traces its origins back to 1753, and it was installed in its fine building on Cromwell Road as part of the development of the South Kensington precinct after the 1851 exhibition. In 1990 it published a Management Plan which caused a furore amongst the scientific community. The Museum's role had always been twofold. Firstly, the maintenance of a collection which now amounts to 67 million plant, animal and mineral specimens, with the pursuit of taxonomic research. Secondly, the education of visitors, especially students and interested young people, with appropriate museum displays. The management plan, which was accompanied by a name change to the Natural History Museum, proposed wholesale changes to the displays, aiming them at school parties down to primary school age. In parallel would go a drastic reduction in the taxonomy function, with job losses as the lot of the scientists.
It is sometimes said that the guiding philosophy behind these changes was Thatcherism, but this is a mistake. It was as early as 1972 that the Museum recruited a market research officer from the consumer goods industry, and a first memorandum was laid before the trustees, Proposals for a new approach to the visiting public. It is an interesting aspect of change in institutions that the gestation period of the 1990 plan was 18 years. During this period the Museum leaned towards populism, and the displays were crowded with young children aiming to complete their set questionnaires. It was claimed that Museum staff visited Disneyland to learn the finer points of visitor management.
A vigorous fight-back was led by Dr Beverly Halstead, then President of the Geologists' Association and a colleague of Sutton at Imperial College. Sutton was drawn into the campaign as a former trustee of the Museum, where he served from 1976 to 1981. The campaigners pointed out that the taxonomy function is a basic data-gathering activity on which all higher biological research is based. Although it is non-marketable, it must be continued on a secure long term basis. It is the dictionary on which other researchers build, and the benefits are not direct and immediate, but will flow at one remove.
Despite these efforts, the management plan was put into effect, and there were job losses, although the research and curator staffs are now restored to their former numbers. The exhibits have been modernized, but to the general approval of outside observers, and the recent Dinosaurs exhibition was a particular success. The Museum now consults fully with professional bodies, but Beverly Halstead was tragically killed in a road accident shortly after his campaign. He is commemorated by the Halstead Medal of the Geologists' Association.
N.E.R.C., t h e B r it is h G e o l o g ic a l S u r v e y a n d t h e B u t l e r R e p o r t
John Sutton served as a council member of N.E.R.C., the Natural Environment Research Council, for three years from 1976 to 1979. N.E.R.C. was set up in 1965 at the same time as the new Ministry of Technology in the atmosphere of Harold W ilson's white heat of technological change, and its terms of reference defined it as 'a body established for the carrying out of research in the earth sciences... the support of such research by other bodies... instruction in related subjects... the dissemination of knowledge (and) the provision of advice.' On the 25th anniversary in 1990, these terms were updated in the newly-fashionable form of a mission statement, 'to advance understanding of the natural environment and the processes of environmental change.' One early chairman said that the Council was responsible for everything in the first chapter of the Book of Genesis.
The first task of N.E.R.C. in the geological field was the amalgamation of the Geological Survey of Great Britain, the Museum of Practical Geology and the Overseas Geological Survey (5). The new body was named I.G.S., the Institute of Geological Sciences. It was wished at that time to emphasize a broader research function, as new techniques were now supplementing the traditional field mapping, but there was some argument about the loss of the word Survey from the title. Several years of expansion were typified by the call in 1967 to prepare geological maps of the southern North Sea, following the discovery of a large gas field in Holland. With great foresight the then Director of I.G.S., Sir Kingsley Dunham, F.R.S., pressed for the northern North Sea to be included, although there was no direct evidence of oil-bearing strata at that time. Identifying sites for radioactive waste disposal was another growth activity.
A large stone was thrown into the pond when the Rothschild Report was published in 1971. This put forward the customer/contractor principle, and proposed that this concept should be applied wherever possible to the public support of scientific research (6). After much painful discussion, one third of the previous I.G.S. budget was 'transferred' to user government departments, with the assurance that these funds would flow back as customer payments. And so they did -for a few years.
A severe financial squeeze arose in 1980, when a shortfall in commissioned research collided with increasing costs. Sir Hermann Bondi, F.R.S., the new Chairman of N.E.R.C., summed up the problem as 'the general lightness of the science budget, the falling level of commissioned research income, and the continued need to pursue important areas of research.' N.E.R.C. canvassed additional custom from Brussels, the World Bank and overseas governments, and one result was another name change for I.G.S., which became B.G.S., the British Geological Survey. It was relocated to a campus site at Keyworth, near Nottingham.
Sir Hermann Bondi was succeeded as Chairman of N.E.R.C. in 1984 by Sir Hugh Fish, an executive versed in the rigours of industrial reorganization. It was generally recognized that his brief would be the management of tightening budgets, and this was confirmed by the publication in 1985 of the Council's first Management Plan. General stringency was to be accompanied by some job losses and by shorter employment contracts. Some research areas were to be reduced, but a new level of 'head office' management would oversee the research institutes and monitor their performance. Outside observers, mainly Nature and the Times Higher Educational Supplement, expressed the generally critical response of the scientific fraternity.
In these conditions of general stress, an enquiry under Sir Clifford Butler, F.R.S. was asked to report on 'who required geological surveying, and who should pay for it.' It was asked to take account of both Government needs and the wider national interest -a nice distinction. The earlier Serpell enquiry had examined the Ordnance Survey and recommended that it should remain a charge on the Treasury. It was not possible to make the topographical archive into a commercial activity. The same case was argued for the Geological Survey -map sheets would cost £100 each, and 3360 man-years of geological mapping were needed to remedy deficiencies in the existing coverage.
In the outcome, the Butler Report recommended in March 1987 that B.G.S. should be removed from N.E.R.C. and placed alongside and equivalent to the Ordnance Survey (7) . It should have a close relationship with Government, and direct access to a senior minister. The response of N.E.R.C. was 'disappointment and deep concern. In the opinion of Council, the conclusions (are) fundamentally flawed.' B.G.S., by contrast, said 'we welcome the report's conclusion that, in common with geological surveys in most other developed countries, the B.G.S. should be close to Government and not separated from it by intermediate layers of management. This conclusion is incompatible with the current position of the B.G.S. within the Natural Environment Research Council.' Here was a pretty dilemma.
Sutton gave evidence to the Butler enquiry, and although he was now retired he was very much involved in the active debate which took place in the profession. The situation was resolved in November 1988, when Kenneth Baker, Secretary of State for Education and Science, announced that B.G.S. was recognized as an important national resource. It would remain part of N.E.R.C., but it would receive substantial additional funding, with a priority to complete unfinished map sheets and provide a sound general coverage. More income would be raised from the users of geological information, in order to put B.G.S. finances on a proper long term footing.
Im p e r ia l C o l l e g e C e n t r e fo r E n v ir o n m e n t a l T e c h n o l o g y The Imperial College Centre for Environmental Technology, abbreviated to I.C.C.E.T. and pronounced eye-set, had its origins in the service of the Rector, Lord Rowers, as Chairman of the Royal Commission on Environmental Pollution. During the work of that Commission, it became apparent that there was no focused academic training in pollution-related science or technology, and no accessible academic expertise. Lord Flowers discussed this question with Sutton, and I.C.C.E.T. was conceived as a high quality training and research facility which would cross departmental boundaries and draw in most of the College departments. From an initial draft of 24 pioneer students in October 1977, the annual M.Sc. intake has risen to 70 at the present time.
The Centre was formally opened in May 1978 by Peter Shore, Secretary of State for the Environment. In his speech, the minister said that 'we have to hammer out and test concepts for the wise husbandry of our resources and relate these to the needs of people who cannot be asked to wait too long for relief from unendurable environmental stress. We have to understand the inner city and so catch its cycles of fortune in ways which lead to regeneration and hope, rather than to collapse and despair. We need to build environments which do not alienate the individual, isolate the family, push the malcontent to vandalism or waste non-renewable resources. The responsibility is ours as citizens, practitioners and scholars, not just mine as Secretary of State.' Thoughts which one might think no less appropriate today after the passage of nearly 20 years.
The initial setting up of I.C.C.E.T. was the work of Sutton, who became Chairman; Dr Gordon Conway, who was Academic Director for many years but is now Vice-Chancellor, University of Sussex; and Mrs Diana Patterson-Fox, Academic Secretary. A wide range of subjects is covered. The main emphasis is on pollution -air, water and ground -but related topics are as varied as Falkland Islands fish stocks, global warming and hay fever in London. This diversity was particularly suited to Sutton's skills, and he served the Centre with enthusiasm during its first few years. He had the valuable attribute of being interested in all sciences, and he could take in the significance of current advances in every field. He could remember not only the names and research topics of the many individuals in different departments who were engaged on Centre work, but also just where their programmes had reached and what were their problems last time they had met. R e m o t e se n sin g At the same time as I.C.C.E.T. was established, the new science of remote sensing was becoming increasingly important. A strict definition of remote sensing is the taking of measurements from things one cannot touch, in the visible or infra-red spectrum. In practice, an important part of the science is the acquisition and interpretation of the striking satellite images of the earth's surface with which we have become familiar in recent years. The older art of photogeology had been practised at Imperial College since the war, comprising the interpretation of geological features from black-and-white aerial photographs, but the advent of Landsat in 1981 gave a profound stimulation. Landsat is a scanning satellite which collects digital information on the reflectance of the ground at different wavelengths, and transmits this by radio to earth. Here was the exciting beginning of systematic satellite observation of the earth's surface. The new observational methods are relevant not only to geologists, but to botanists and glaciologists over land, and to oceanographers and meteorologists over the world's oceans. At the present time, the possible break-up of the Antarctic ice sheet is being monitored by remote sensing.
John Sutton was characteristically quick to see the importance of this new science, and he served as President of the Remote Sensing Society from 1977 to 1984. The College acquired a digital image processing system, and remote sensing was placed within I.C.C.E.T., but in 1983 it became an interdisciplinary Centre in its own right. Academic funding was passing through a difficult period, but the case for the Centre was verified when S.E.R.C. and N.E.R.C. jointly invited proposals from universities for a scheme for an M.Sc. in remote sensing. A London University intercollegiate proposal was accepted, and University College and Imperial College are joint operators. Sutton was influential in piloting these plans through the research councils.
C o n ta c ts b e t w e e n t h e R oyal S o c ie t y a n d C h in e s e sc ie n t ist s John Sutton was a main initiator of renewed contacts between the Royal Society and the scientific community in China. These started in November 1973 with a visit by a Royal Society delegation to Beijing, then called Peking, which followed a two-year period of progressive thawing in the previously cold relationship between China and the West. Sutton was one of a party of six Fellows led by Sir Derek Barton, and the 15 day trip comprised visits to hospitals, universities, research institutes and a commune. There was a little tourism, to the Imperial Palace and the Great Wall, and a great many receptions, lunches and dinners, at which the visitors were introduced to Chinese scientists. Each of the delegates gave appropriate lectures, and they were all impressed by the attention shown by the students and by their command of English. Perhaps the subject of greatest interest to the visitors was acupuncture, which is a formal component of Chinese health care, and they attended minor operations carried out under analgesia induced by acupuncture. Sutton enjoyed one advantage over the other participants. Whereas their reports started at touch-down at Beijing airport, he was able to comment on the geology of seldom-visited parts of central Asia as the flight from Moscow passed over Siberia, Lake Baikal and the Gobi Desert.
The first purely geological visit to China followed four years later in 1977. Sutton, who in 1975 was appointed a Vice-President of this Society, was the prime organizer of an expedition arranged by the International Union of Geological Sciences. It was led by Professor Rudolf Trumpy of Zurich, who was I.U.G.S. President at that time, and the party visited a number of geology institutes and the Taching oil-field. In figure 2, they can be seen with their Chinese hosts on board a river boat.
In 1980, the continuing improvement in East-West relations led to the first access to Tibet. The Academia Sinica organized a symposium on the geology of the Tibetan plateau, and Sutton attended this event in Beijing in May 1980. It was followed by a two-week field excursion from Llasa towards Khatmandu which was attended by Professor Robert Shackleton, F.R.S. and a select group of Western geologists. This trip could only scratch the surface of Tibetan geology, but the members were so stimulated by the experience that they resolved to work towards a fully mounted expedition as soon as Society and the Academia Sinica, and this moved the emphasis from student exchanges towards participation in joint research programmes. The Chinese party expressed their delight at receiving a delegation which included both a Huxley and the Master of Darwin College. The great Tibet traverse, sometimes called a geotraverse, was finally prepared for the summer of 1985. The Chinese hosts, under the direction of Professor Chang Chengfu of the Geological Institute of Beijing, did much preliminary work by preparing strip maps of the chosen route, and the logistical planning was considerable. Sutton did not himself join the party, but this important event, a joint enterprise of this Society and the Academia Sinica, was very much the culmination of all his work over the previous 12 years.
The Tibetan plateau is the type location for the uplift associated with the forceful collision of two continental plates. The Indian plate, moving northward at about 5 cm per year, collided some 50 million years ago with the southern edge of the Asian plate. Since then the Indian plate has pushed 2,500 km further north, and the result has been the compression and thickening of a broad belt of crust by a factor of two. Careful geological investigation can distinguish those parts of the mountain belt which are Indian in origin from those which are Asian, and continuing work aims to decipher the precise mechanism by which the shortening was accommodated.
The Royal Society team comprised 10 geologists under the leadership of Professor Shackleton, and 15 Chinese geologists made up the Academia Sinica contingent. The line of the traverse was a new road from Llasa to Golmud, a distance of 1100 km, and conditions were arduous, with accommodation in Chinese army barracks, sometimes under canvas. Meals were usually thinly flavoured rice, and sleeping accommodation consisted of basic mattresses on the floor. Physical fitness transpired to be an important qualification, and all the party emerged leaner and fitter at the end of their tour. Some of the expedition vehicles were delivered new at the start, and abandoned for scrap at the end.
The height was between 4000 and 5500 m above sea level, and a serious problem in the first week was nocturnal anoxia, insufficient oxygen supply whilst sleeping. The expedition members were aware of the altitude problem during the day, but at night, in the unconsciousness of sleep, the oxygen intake fell away to a dangerous level. Fortunately a reflex operates, and they would wake in a panic, gasping for breath. Acclimatization took about a week, but some participants were never fully at ease.
The results of the Tibet traverse were discussed at a meeting in Beijing during the following summer, and at a symposium in this Society's rooms in November 1987 (8) . Full publication in 1988 took the form of a collection of 12 papers by the participants (9). The expedition gave a strong stimulus to the study of Tibetan geology, and work is now being continued by many of the team members in their own countries. R e t ir e m e n t John Sutton's retirement was marred by the death in 1985 of his first wife, Janet Watson. In their younger days Sutton and Watson were an inseparable team, and their early researches have already been described. In later years, as Sutton was drawn away by administrative duties, Janet Watson took up the role of supervising students, and she wrote and co-authored a continuing stream of new work. Sadly, their marriage was not blessed with surviving children. The 1985 Leicester Lewisian Conference report (10) was dedicated to her memory, and at that meeting Sutton delivered their last joint paper as the keynote speech. The Biographical Memoir of Janet Watson will be found later in this volume.
Some time later he married Betty Middleton-Sandford, an artist, designer and art expert, and an enthusiastic member of the Geologists' Association, and there followed a period of happy retirement. They moved to Cornwall, and took a traditional granite cottage at St Just in Pen with, on the coast north of Land's End. In the late eighties the nearby Geevor tin mine had reached a critical financial condition. The modem mine was established between 1880 and 1900 by the amalgamation of older workings said to go back 2000 years, and it was created by Cornish miners who settled in South Africa but who were forced out by the pressure of Boer hostility. The mine prospered for some time, but in later years it could not compete with low-cost tin extraction in south-east Asia. Sutton gave his active support to the local campaign to keep the mine open, and he provided it with valuable background research. He spoke at an emotional and highly charged meeting in the village hall, and there was a march through London, but all was in vain. The mine finally closed in 1990, and it is now a museum, with the motto 'You don't dig for tin -you win it.' From Cornwall Sutton moved to the Manor House at Martinstown, a village a short distance west of Dorchester and near to Maiden Castle. Here he was able to realize a cherished ambition, to create a model manor house garden on the Chalk Downs. A highlight at this time was the annual summer holiday, when with his second wife he visited, over a period of years, the great art galleries and museums of the cultural centres of Europe. Their itinerary included Paris, Vienna, Prague, Florence, Munich and Berlin.
In 1991 Sutton was found to be suffering from cancer. An operation gave early relief, and it was hoped that the problem was cured, but there was a recurrence a year later. The patient developed a close relationship with his doctors and surgeons at Southampton General Hospital, and they were intrigued by his ability to make a rational contribution to their diagnoses, as if he were discussing the health of a third party. He died on 6 September 1992 at the age of 73.
John Sutton's funeral took place in the village church at Martinstown on a stormy autumn day. Stout trees were seen to bend as his funeral oration was read to a crowded congregation. He lies at peace in a comer of the churchyard, under a Portland headstone engraved with a simple flower design, but his true memorial is in the careers of perhaps a thousand geologists, now at the peak of their profession all over the world, who have been variously helped, encouraged and supported by his example.
A c k n o w l e d g m e n t s
The author is very much indebted to John Sutton's widow, Betty Middleton-Sandford, who was able to furnish many details of his personal life. Her knowledge extends back to his childhood, and even to his forebears, although she only met him in later years. She made an orderly arrangement of all his personal papers, and it is expected that these will be transferred to the National Cataloguing Unit for the Archives of Contemporary Scientists, which is administered under the guidance of the Royal Society at Bath University. The frontispiece photograph was received in 1966 and taken by Walter Bird, and it is reproduced here with the permisssion of Godfrey Argent. R e f e r e n c e s t o o t h e r A u t h o r s
